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1571 ABSTRACT 
An antenna system provides a substantially spherical 
radiation pattern about a structure located above 
ground level, by locating the individual radiation pat- 
tern of each of a plurality of individual antennae, each 
positioned to have a radiation pattern covering only a 
portion of the desired sphere, and then applying all 
antenna signals, during either transmission or reception 
time intervals, through space-diversity and/or time- 
diversity apparatus, to cause the patterns of all of the 
antennae to combine into the desired substantially- 
spherical pattern. The antennae may have substantially 
hemispherical patterns, with each antenna of a pair 
thereof being directed in a direction generally opposite 
to the other antenna of that pair. Time domain multiple 
access (TDMA) operation of a master system station, 
with transmission in different time slots for different 
portions of the coverage sphere, and selection of the 
strongest received signal from among all of the plurality 
N of signals simultaneously received by the plurality N 
of antennae, can provide the desired spherical radiation 
pattern in both the transmission and reception modes of 
operation. 
16 Claims, 6 Drawing Sheets 
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ANTENNA SYSTEM PROVIDING A SPHERICAL 
RADIATION PAlTERN 
The invention described herein was made in the per- 
formance of work under RFP A3-152-JFB-87408 (MD 
87916005) NASA Contract No. NAS 9-18200 and is 
subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958 (42 U.S.C. 2457). 
The present invention relates to omnidirectional an- 
tennae and, more particularly, to a novel antenna sys- 
tem for achieving a true omni-directional, i.e. a substan- 
tially spherical, electromagnetic radiation pattern from 
plural directional antennas. 
BACKGROUND O F  THE INVENTION 
Communications with an object situated well above 
ground, such as an aircraft or a satellite platform, fre- 
quently requires an antenna system providing a true 
omni-directional electromagnetic radiation pattern, Le. 
a substantially spherical pattern with substantially con- 
stant gain over 4x steradians. A spherical pattern is 
required because of the need to communicate with mul- 
tiple sites distributed at random locations around the 
space platform when: (1) it is not feasible to maneuver 
the antenna or platform to provide the desired antenna 
pattern; or (2) simultaneous communication with more 
than one site is required. 
While acceptable hemispherical radiation patterns 
may be achieved from a single antenna element, spheri- 
cal radiation from a single antenna element is not possi- 
ble due to unavoidable asymmetry in the antenna feed 
structure. Realizing spherical coverage from a phased 
array of antenna elements may be theoretically possible 
but practical implementations will always result in non- 
uniform field pattern characteristics (r ulIs) due to inter- 
actions between the radiation patterns of individual 
elements. Field pattern uniformity further degrades in 
those cases where individual elements must be sepa- 
rated by multiple wavelengths due to physical con- 
straints, such as might occur when antennas must be 
mounted on opposite sides of an airplane or satellite, or 
if wide bandwidths are involved. In practice, obscura- 
tions caused by aircraft portions (wings, empennage and 
the like) or space platform structures (solar power pan- 
els, booms and the like) mitigate against spherical cov- 
erage and favor an approach using multiple distributed 
antennas. It is therefore highly desirable to provide an 
antenna system in which the patterns of a plurality of 
individual antennae are combined in such a manner as to 
achieve a substantially uniform spherical radiation pat- 
tern about a structure located well above ground level. 
BRIEF SUMMARY OF THE INVENTION 
In accordance with the invention, an antenna system 
having a substantially spherical radiation pattern about 
a structure located above ground level, includes a plu- 
rality of individual antennae, each positioned to have a 
radiation pattern covering only a portion of the desired 
sphere, and at least one of spacediversity and time- 
diversity means for combining the patterns of all of the 
antennae into the substantially-spherical pattern. The 
antennae may have substantially hemispherical patterns, 
with each antenna of a pair thereof being directed in a 
direction opposite to the other antenna of that pair, or 
may have patterns less than hemispherical, with a 
greater number of antennae being used. The diversity 
combination equipment should prevent phased interac- 
tion between the plurality of antennae, as by causing 
radiation from each antenna at a time when none of the 
other antennae are radiating. 
In a presently preferred embodiment, time domain 
5 multiple access (TDMA) operation of a master system 
station, with transmission in different time slots for 
different portions of the coverage sphere, and selection 
of the strongest received signal from amongst all of the 
plurality N of signals simultaneously received by the 
10 plurality N of antennae, provides the desired spherical 
radiation pattern in both the transmission and reception 
modes of operation. 
Accordingly, it is an object of the present invention 
to provide an antenna system having a substantially 
This and other objects of the present invention will 
now become apparent to those skilled in the art, upon 
reading the following detailed description of my pres- 
ently preferred embodiment, when considered in con- 
15 spherical radiation pattern. 
20 junction with the associated drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sketch of a proposed Earth-orbital space 
station, illustrating one possible placement of antennae 
of a system in accordance with the invention, and of the 
environment in which a spherical radiation pattern may 
be advantageously utilized; 
FIGS. ZO-2d are polar radiation pattern plots respec- 
tively of an upper hemisphere antenna, a lower hemi- 
sphere antenna, the total pattern achieved by phased 
combination of the two antenna, and the substantially- 
spherical pattern achieved by time-diversity on trans- 
mission and selection of maximum received signal 
strength during reception; 
FIG. 2.e is one possible transmission/reception timing 
chart for achieving the results of FIG. Zd; 
FIGS. 3a and 3b are schematic block diagrams re- 
spectively of one possible TDMA space-division trans- 
mitter and one possible TDMA space-division receiver; 
and 
FIG. 4 is a schematic block diagram of a presently 
preferred data communications system using the spheri- 
cal antenna system of the present invention. 
DETAILED DESCRIPTION OF THE 
PREFERRED INVENTION EMBODIMENTS 
Referring initially to FIG. 1, the proposed NASA 
space station Freedom is one possible platform 10 lo- 
cated above earth ground level and requiring a commu- 
nications system utilizing an antenna system 11 with a 
substantially spherical radiation pattern, i.e. a pattern 
covering an angle of 4% steradians with substantially 
constant gain, so that (simultaneous) data and voice 
communications can be maintained with sources lo- 
cated anywhere in the platform's immediate volume, 
such as a crew member 12 engaged in extravehicular 
activity (EVA), an approaching Space Shuttle and the 
like. The omnidirectional antenna system 11 comprises 
at least two antenna elements l l a  and l l b  With each 
antenna positioned such that the sum radiation pattern, 
excluding effects of interaction, is essentially spherical. 
More than two antennae may be utilized, with each 
antenna preferrably having less than a hemisperical 
pattern, and with each antenna so positioned as to allow 
its pattern to be summed with the patterns of all the 
other antennae to provide the desired spherical pattern. 
As illustrated, N=2 and each of the single pair of anten- 
nae 110 and l l b  are positioned adjacent to, and affixed 
3 
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at, opposite sides of the platform 10 from the other 
antenna of that pair, and with each antenna having a 
substantially hemispherical radiation pattern with an 
axis directed radially away from the axis of the substan- 
tially-hemispherical radiation pattern of the opposing 5 
antenna of the pair. 
Referring now to FIGS. Za-zd, the radiation pattern 
140 of the first antenna 110 of an antenna pair is substan- 
tially uniform over a hemispherical domain (FIG. 2u) 
above a defined plane, e.g. with the antenna l l n  verti- 10 
a l l y  disposed and directed at 90" above the horizontal 
plane defined through the 0"-180" axis, the radiation 
pattern 14u has a substantially uniform gain in the vol- 
ume above that horizontal plane. Similarly, the radia- 
tion pattern 14b of the second antenna l l n  of the same 15 
antenna pair is substantially uniform over a complemen- 
tary hemispherical domain (FIG. 2b) below the same 
defined plane, e.g. with the antenna l l b  also vertically 
disposed and directed at 270" with respect to the same 
reference as in FIG. 2u, that is, at 90" below the hori- 20 
zontal plane defined through the 0"-180" axis, the radia- 
tion pattern 14b has a substantially uniform gain in the 
volume below that horizontal plane. 
If the two antennae 110 and l l b  are axially aligned 
and simultaneouslv driven bv a common simal. a multi- 25 
lobular phased-ar;ay pattem 16 (FIG. 2cy may result; 
the exact form of pattern 16 will depend upon the phase 
difference and amplitude split of R F  energy between 
antenna 110 and antenna llb. It will be seen that, even 
for an ideal sharing of energy, and with adjustable phas- 
ing between antennae, the pattern 16 has at least one 
null 16n and is not a substantially uniform spherical 
pattern. Simultaneous actuation of the different anten- 
nae is thus not part of my invention. 
In accordance with one aspect of my present inven- 
tion, R F  energy from a transmitter is fed to only one 
antenna of a pair of antennae at any one moment. The 
antenna pairs are thus separately coupled in Time-Divi- 
sion Multiplex Access (TDMA) service and the receiv- 
ing stationts) caused to act only upon a stronger signal, 
to generate a resulting radiation pattern 18 which is 
substantially spherical. Thus, the antenna elements are 
disposed such that the resultant field strength pattern of 
the sum of all elements taken individually and indepen- 
dently approaches spherical, with the array minimum 
gain Gm in a smallest-gain-direction, e.g. through the 
horizontal plane, being substantially the same, within a 
predetermined factor (say, 1 dB), as the array maximum 
gain GM in a greatest-gain-direction, e.g. through the 
vertical plane. Because of the nature of the TDMA 
processing used, the location, number and detailed char- 
acteristics of each antenna element are not critical to 
achieving the desired Spherical pattern. Furthermore, 
the spherical antenna characteristic is not affected by 
wide bandwidth operation. The omni-directional an- 
tenna transmission operation relies on transmitting all 
information to be transmitted from each antenna ele- 
ment, separately and in non-time-overlapping manner, 
such that the radiating electromagnetic fields from each 
element do not interact but when taken in combination 
uniformly illuminate the volume around the platform 
10. 
FIG. h is a timing chart of a TDMA system imple- 
menting the spherical coverage pattern. There are a 
plurality F of frames of information sent each second, 
with each frame separated into a plurality S of non- 
overlapping slots, each l/(FS) seconds long. For exam- 
ple, in the F-th frame and the illustrated case of two 
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4 
antennae, slot assignments can be sequentially arranged 
for the burst transmission in the first slot (time interval 
11) of a frst group of data from the first, i.e. upper 
hemisphere, antenna of a system master station, fol- 
lowed by the transmission of the identical first burst 
group of data from the complementary second, i.e. 
lower hemisphere, master station antenna, in the time 
interval I2 of the second slot. A second burst group of 
data can be sent from the system master station in subse- 
quent slots, e.g. from the upper hemisphere antenna l l a  
during the third slot (time interval 13) and then from the 
lower hemisphere antenna l l b  in the fourth slot of time 
interval 14. The number of slots allocated for initial 
transmission from the master station to all other system 
stations can be varied in accordance with the system 
requirements, as long as each antenna of a complemen- 
tary set (e.g. a pair of antennae having complementary 
hemispherical patterns, or N antennae each having one 
of N different patterns pointing in a selected direction to 
provide substantially uniform spherical coverage) is 
separately driven by an associated one of the N repeti- 
tions of each data burst group, and each group N-repeti- 
tion is sent in its order in the total message. All other 
stations in the system, except for the single master sta- 
tion, are enabled to be in the reception mode during 
master station transmission, so that each non-master 
station receives all the transmitted data during the mas- 
ter transmission Tx intervals (Il-14); a distant radio 
receiver would receive up to N repeats of the informa- 
tion depending on how distant that receiver was from 
the master station transmitter, and the receiver angular 
position relative to the transmitter. These repeated mes- 
sages can be processed by any one of the many known 
standard methods of diversity combining or message 
selection with diversity combining providing the ad- 
vantages of improved performance in a fading environ- 
ment. 
The distant station will return data to the master 
station by transmission back during pairs of time slots 
(e.g. in intervals I5 and 16) when the master station is in 
the reception Rx mode. Each distant station may be 
assigned a priority number and may be set to transmit 
during that subsequent time slot matching its priority, in 
well-known TDMA fashion. The distant station may, 
but illustratively does not, repeat its message; each dis- 
tant station may be given, as shown, a plurality of time 
slots within which to send its data. At the master sta- 
tion, the distant station signal is received by all N differ- 
ent antennae, and is processed to extract that received 
signal having the most favorable characteristics, i.e. best 
signal-to-noise ratio and the like, to obtain lowest BER. 
FIG. 3u is a block diagram of one possible master 
station transmitter 20, providing an associated one of N 
identical RF signals sequentially to each different one of 
the N sphere-segment antenna AT1-ATn of the system. 
The input information may be any suitable waveform 
Ijn which is applied to transmitter data input 2oa during 
a time interval from time to to time to'. The input signal 
Iin is applied to a time compressor means 22 which 
generates N replica signals of the original waveform, 
with each waveform Iin, being speeded up in time by a 
factor of N; thus in the time interval to' to to", there are 
N waveforms Ijn, each identical to the input waveform, 
but compressed to only l/N-th of its duration. Those 
skilled in the art will recognize that means 22 can be 
provided by digital storage memory which receives the 
input data (directly, if digital, or via a suitable analog- 
to-digital converter, if analog) and, via clock and con- 
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trol signals furnished by a station master controller (e.g. 
means 48 shown in FIG. 4) operates under internal 
control of means for scanning through a range of ad- 
dresses, and by use of a count-to-N counter means and 
logic gating, to provide the N output repetitions; a suit- 
able digital-to-analog converter may be used if a set of 
analog output signals Ijn, are to be provided. The N 
repetitions are applied to the data input 24a of a suitable 
RF modulation means 24, receiving the R F  carrier at a 
RF input 246; the modulated carrier at output 24c has 
the desired R F  signal characteristics for transmission, 
with the input data being reproduced N time in se- 
quence on the R F  camer. After amplification, if de- 
sired, in a R F  amplifier means 26, the signal is provided 
to the single R F  input 2& of a 1XN spacedivision 
switch means 28; using the same clock and control sig- 
nals sent to the time compressor means 22, and used to 
establish each of the N compressed signals in one of the 
sequential transmission time slots, the switch means 
routes each timecompressed input replica-modulated 
RF carrier burst to an associated spatially-separated 
antenna ATi. It will be understood that means 28 need 
be nothing more than a single-pole, N-throw R F  switch 
which is controlled to connect to the first antenna AT1 
at the start time t(~, and then advance to each next an- 
tenna once the modulation repetition has been sent. 
Thus, the antenna switch 28 switches in synchronism 
with the time compressor 22 to apply a complete wave- 
form replica to each antenna element Ati. 
Referring to FIG. 36, one embodiment of a master 
station receiver means 30 is shown for use in my novel 
spherical radiation pattern system. The omni-direc- 
tional antenna receiving operation involves non-phase- 
coherent processing of the received information from 
each one ARi of the N individual antennae ARl-ARn. 
While a large number of options are available depend- 
ing on the environment and the desired performance, a 
conceptually simplest receiver is shown for the situation 
diagrammed in FIG. 2, i.e. the distant transmitter does 
not replicate its sianal, so that the sianal is transmitted 
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only once, and th; receiving antenna elements Ati are 
assumed to be the same as the transmitter antenna ele- 
ments Ati and have a substpntially spherical antenna 
pattern. The signal from each antenna element A n  can 
be considered in a separate channel and each channel 45 
signal is amplified by &I associated one of a like number 
N of RF reception amplifiers 320-32n, preferably hav- 
ing a low noise figure, prior to individual channel signal 
demodulation in a separate one 34i of a like plurality N 
of demodulator means 34u-34n selected for the form of 
modulation used in system transmission. Each demodu- 
lator not only provides its demodulated data at an out- 
put 34i-a but also provides a signal Si having a charac- 
teristic, e.g. magnitude, varying with the magnitude of 
the signal at the demodulator input 34i-c. Each of the 
input-strength signals Si i s  applied to a maximum- 
strength selector portion 36-1 of a N X  1 signal selector 
means 36; the strongest one Ss of the strength signals 
S1-Sn can be easily obtained by comparison and the like 
processes, and is used to route the demodulated data 
from the associated demodulator means 34s, where 
l S s S n ,  through the selector section 36-2 (which may 
be a single-pole, N-throw switch having its single out- 
put connected to that one of the N inputs responsive to 
the control signal developed by the maximum-sensing 
portion 36-1). The single selected data waveform is 
provided to a time decompression means 38, which 
merely stretches the infomation signal to occupy N 
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times the time interval, so as to reverse the 1/N time 
compression engendered by the transmitter time-com- 
pression means. It should be understood that while in 
this example the output signal is selected based on the 
largest signal strength received, other criteria can be 
equally as well used. Other variations can also be uti- 
lized; for one example, the distant station transmitter 
can replicate the transmitted information so that the 
output from each antenna could be processed in se- 
quence by a single receiver and demodulator. 
The forgoing techniques are equally as applicable to 
both halfduplex and full-duplex operation. In the case 
of fullduplex operation, frequency filters and/or circu- 
lators may be used to share the same antennas for trans- 
mit and receive. In the case of half-duplex operation, 
space division switching is used for antenna sharing. 
FIG. 4 is a schematic block diagram of a specific 
embodiment of my spherical pattern antenna system, 
used with a Time Division Multiple Access (TDMA) 
communications protocol. TDMA is a good application 
for the omni-directional antenna since the functions of 
time compression and decompression are already incor- 
porated. The illustrated main station TDMA trans- 
ceiver 40 is shown for a timing scheme with a single 
information frame in which a base station communicates 
independently with two other sites, per the timing of 
FIG. 2.e. In this particular example, N=2 antennae l l a  
and l l b  are used, with each antenna having a hemi- 
spherical radiation pattern. A hemispherical pattern is 
well approximated by a quadrifilar helical antenna and 
its design is well known. The sum of the two individual 
patterns gives the relatively uniform pattern 18 of FIG. 
Zd, suitable for approximating the desired spherical 
pattern. Again examining the timing diagram of FIG. 
t, each TDMA transmission burst is transmitted twice: 
a first burst, in time slot 11, is transmitted from antenna 
number 1; a second burst of the same data is then trans- 
mitted from antenna number 2 in the next time slot 12. 
TDMA bursts received at the main station may be re- 
ceived by both antenna elements and, accordingly, are 
processed independently. The stronger of the two 
bursts is selected as the data output source. A variation 
of this technique is to intentionally provide overlapping 
antenna patterns from physically separated antenna 
elements. Multiple copies of the same signal both in 
transmission and reception result in a space-diversity 
type of reception. By use of diversity-combining or 
signal-selection techniques, significantly improved 
communications quality can be achieved in a fading 
environment. 
Master station 40 includes a pair of independently- 
operable antenna switching means 42-1 and 42-2, con- 
figured to operate in non-overlapping manner, so that 
only one antenna 11 can be connected to a TDMA 
transmitter XMTR means 44 at any time; the transmit- 
ter sends out the input data temporarily stored in a 
transmit data buffer means 46, under control of a 
TDMA timing means 48. During reception time inter- 
vals, each of the pair of antennae is connected to the 
associated one of upper/channel #1 receiver means 
50-1 or lower/channel #2 receiver means 50-2. Each 
channel receiver may be provided with suitable input 
protection means 52, such as an amplitude clipper and 
the like. Each receiver 50 provides output data to an 
associated time slot data buffer means 54-1 or 54-2 and 
also provides a signal-strength-indicating AGCl or 
AGC2 signal to a first input 56-la or 56-20 of an associ- 
ated channel integrate-anddump means 56-1 or 56-2. 
5,194,873 
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The periodic dump D signal is provided at another cal information through each one of said N anten- 
output 48b of the TDMA timing means 48. The filtered nae in each of a group of like plurality N of differ- 
AGC signal at the respective filter outputs 56-lc or ent time slots. 
56-2c is coupled to the associated input 6 0 ~  or 60b of a 2. The system of claim 1, wherein each of the N an- 
comparator amplifier 60; the state of the comparator 5 tennae has a substantially hemispherical radiation pat- 
output 6Oc signal is responsive to the larger of the two tern. 
RF input signals. Thus, if the comparator output signal 3. The system of claim 2, wherein the plurality of N 
Provided to an input 6 2 ~  ofa sample-and-hold means 62 antennae are comprised of at least one antenna pair, 
is positive when a sample s Signal, supplied at TDMA with each antenna of a pair being located to direct the 
timing means output 48C, is coupled to a sample input 10 radiation pattern thereof in a direction generally oppo- 
6% then a first (+) output 6 2  is enabled, to Provide a site to the direction of the radiation pattern of the other 
signal at a gating input 64-la of a first clock switching antenna of that pair. 
means 64-1 and cause that switching means to allow 4. The system of claim 3, wherein during RF trans- 
clock Pulses, originating at yet another TDMA timing mission said combining means feeds RF energy to only 
means output 48d, to flow from clock switch output 15 one of each pair of antennae at any time. 
SIC,  and cause the cbcking out from channel 1 time 
because that channel had received the stronger signal antennae are comprised of than antennae, 
and so has a lower error rate* with each antenna being located to direct the radiation 
sample-and-hold but t& when the tion of the radiation pattern of the other antennae of the 
signal is present at sample input 62b, then a second (-) system. 
5. ne system of claim 3, wherein N=2, 
slot buffer 54-1 ofthe upper channel data stored therein, 6. The system of claim 2, wherein the plurality of N 
if the 'Om- 
parator Output provides a negative-polarity signal to 2o pattern thereof in a direction different from the direc- 
Output 62d is of N 
'put 64-20 Of another 'lock switching 64-2 and antennae are comprised of than two antennae, 
to provide a signa1 at a gating 7. The system of claim 1, wherein the 
cause clock pulses to clock stored data out from channel 25 
had 
received the stronger signal. The time slot buffer out- 
puts are summed in so that received data 
output 4oo data received during each 
pair of reception time slots. 
my novel system for providing an antenna pattern of 
herein in detail, those skilled in the art will now realized 
that many modifications and variations can be provided 35 Other. 
within the spirit of the invention. Accordingly, I intend 
to h limited by the scope of the appended claims 
and not by way of the details or instrumentalities set 
forth herein. time slots. 
with each antenna having both a radiation pattern of 
less than hemispherical coverage and a location selected 
to direct the radiation pattern thereof in a direction 
different from the direction of the radiation pattern of 
time 'lot buffer 54-2y because the lower 
the 3o the other antennae of the system. 
While several presently preferred embodiments of 
substantially spherical coverage have been described 
8. The system Of 'Iaim '9 wherein the structure is a 
9* The antenna system Of 
'pace platform. 
ity N of F O U P  time slots sequentially follow one an- 
10. The antenna system of claim 1, wherein the mas- 
ter station further transmits different information in 
each one of a sequentid plurality of different groups of 
11. The system of claim 10, wherein N=2, and the 
combining means at the master station includes means 
for (a) transmitting a first group of information first 
from the first one of said antennae and then from the 
remaining one of the antennae, and for then (b) trans- 
a master station affixed to a structure at said master 45 mitting a second group Of information first from the first 
location; antenna and then from the remaining antenna. 
at least one remote station, each at a different one of 12. The system of claim 1, wherein the combining 
the at least one remote location; means at said master station includes; a plurality N of 
cach of said master and remote stations operating separate receivers, each coupled to an associated one of 
with time domain multiple access (TDMA) opera- 50 the N antennae and each providing both a demodulated 
tion; and data signal and a magnitude signal responsive to the 
a master station antenna system providing a substan- amplitude of the signal received by that receiver from 
tially spherical radiation pattern about the struc- its antennae; and means for providing as the master 
ture located above ground level and upon which station received data output only the demodulated data 
said master station is located, comprising: a plural- 55 from the receiver with the largest magnitude signal. 
ity N of individual antennae, each having an indi- 
vidual radiation pattern covering only a portion of 
the desired sphere; means for locating each of the 
N dSerent antennae at a different location on said 
structure, to generate an associated desired portion 60 
of the spherical pattern; and means, at said master 
station, for combining the plurality N of associated 
pattern portions into the desired substantially- 
1, wherein the plural- 
What I claim is: 40 
1. A system for providing communication between at 
kist  one remote location positioned anywhere within a 
full sphere enclosing a master location above ground 
level, comprising in combination: 
13. The system of claim 12, wherein N=2. 
14. The system of claim 13 wherein during RF trans- 
mission said combining means feeds RF energy to only 
one antenna at any time. 
15. The system of claim 14, wherein N is an even 
number and each of said antennae is assigned to only 
one antenna pair. 
16. The system of claim 15, wherein N=2. 
spherical pattern to facilitate transmission of identi- * * * + *  
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Column 8, (claim 9) line 32, delete "antenna"; and 
(claim 10) line 35, delete "antenna". 
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